Bimodal drug release achieved with multi-layer matrix tablets: transport mechanisms and device design.
The aim of this study was to develop new multi-layer matrix tablets to achieve bimodal drug release profiles (fast release/slow release/fast release). Hydroxypropyl methylcellulose acetate succinate (HPMCAS, type MF) was chosen as a matrix former, because it is water-insoluble at low, and water-soluble at high pH values. Studies focused on the elucidation of the drug release mechanisms from HPMCAS-MF:drug tablets. In 0.1 N HCl the resulting release kinetics can be described using Fick's second law of diffusion, taking into account axial and radial mass transfer in cylindrical geometry. As the diffusion coefficients are found to be constant and the boundary conditions to be stationary, these systems are purely drug diffusion-controlled. In contrast, the dominating mass transport phenomena in phosphate buffer pH 7.4 are more complex. Due to polymer dissolution the resulting matrix structure is time-variant, leading to increasing drug diffusion coefficients and decreasing tablet dimensions, and thus moving boundary conditions. Drug release is affected by water imbibition, drug diffusion and polymer dissolution and is faster compared to 0.1 N HCl. With knowledge of these underlying release mechanisms, multi-layer matrix tablets were developed to achieve bimodal drug release. HPMCAS-MF:drug mixtures were used as tablet cores. As expected, changing the release medium from 0.1 N HCl to phosphate buffer pH 7. 4 after 2 h, lead to a significant increase in drug release. The abruptness of this rate change could be enhanced by adding two drug-free HPMCAS-MF barrier layers (one on each side) to the system. The addition of a fourth, drug-containing and fast disintegrating initial dose layer yielded the desired bimodal drug release patterns. The process and formulation parameters affecting the resulting release rates were investigated using theophylline and acetaminophen as model drugs.